Over the last two decades, music has been integrated into many large scale sporting events; such infusions of 'showbiz razzamatazz' are lauded by some but reviled by traditionalists. Since Apple's Steve Jobs envisioned the iPod™, there has been an explosion in music use by athletes during training and prior to competition, while countless millions of exercise participants use music to enhance the experience of their daily workout. New technology allows exercise participants to create their own 'listening bubble'.
We have the freedom, at the touch of a button, to formulate playlists in accordance with our musical predilections; something that was unimaginable during my teenage years when vinyl was still very much de rigueur. Thousands of tracks can be stored in a headphone set weighing just 100 grams and it is no exaggeration to say that virtually everyone in Western society below the age of 50 owns a personal music playing device. The sophistication of the technology grows apace; for example, Nike and Apple now manufacture a device (the Nike Plus) that enables runners to link their shoes to their iPod Nano so as to give updates on pace, mileage and calories expended. Playlists are also commonly designed with specific heart rates and stride frequencies in mind.
I began to work in the area of music and sport/physical activity in the early 1990s and since that time, my main intention has been to develop a systematic body of work to assist researchers, exercise practitioners and exercise participants in the application of music. I am not an advocate for the music industry; I often document instances in which music can have a detrimental effect on physical performance or mental state. 2 Rather I am interested in examining in an objective way the contingencies that underlie the use of music and the complex interactions between the person, the situation and the task that determine emotional and behavioural responses to it. My interest has evolved from laboratory investigations of simple motoric tasks such as grip strength, to an examination of complex behaviours in the wider realm of sport and exercise. In recent years, I have also developed an interest in music use during driving and in physiotherapy rehabilitation.
Owing to the nature of my work as a researcher-practitioner, I have been involved in several industrial projects and these have included collaborations with Nike Inc., DavidLloyd Leisure, Red Bull, Sony and Speedo. One of the largest and most impactful of these collaborations concerned a project for the International Management Group (IMG) that came to be known as Run to the Beat, with which I was involved as lead consultant in the period 2007-10. In this brief case study I will detail the genesis of Run to the Beat, the scientific work that underlies the event and present a critical evaluation of how the event has been received both by its participants and the international media.
Part 1: The Genesis of Run to the Beat
The organisers of mass participation running events have been deliberating for more than a decade over whether participants should be permitted to use personal listening players. The devices are deemed to pose a safety risk as runners purportedly become so intoxicated by the music that they bump into one another, miss instructions from race marshals or, in extreme cases, even get run over. The ban also stimulated an interesting media debate that kept me occupied for several weeks, 5 and led to a lengthy feature on music in exercise in The New York Times. 6 The banning of iPods and other mp3 devices in mass participation events is almost impossible to enforce without a dedicated 'music police', therefore many runners chose to openly defy the ban, prompting complaints from their fellow competitors. There was also an economic motive underlying the ban: insurance companies threatened to raise the premiums paid by race organisers if the iPod ban was not enforced.
There is a trend in some long-established mass-participation events, such as the Philadelphia Marathon (USA) and the Great North Run (England), to place live bands on the course to give the runners a psychological boost. Such events showcase local rock bands or even school orchestras and the music played is selected in a somewhat arbitrary manner.
During the present decade, however, it appears that the organisers of mass participations running events -such as the Philadelphia Marathon -are beginning to take a more systematic approach to music delivery and the experience of the spectators. The Philadelphia race of 2011 had more than 25 'cheer zones' at which spectators were encouraged to congregate and were even offered free hot chocolate. The route for the London events starts and finishes at The O2 Arena (see Figure 1 ).
Runners proceed along the river towards the Thames Barrier, past contributed scientific information for the event website and selected material for three compilations of running music that were released in tandem with the event each year.
Part 2: The Scientific Premise of Run to the Beat
The essential premise underlying Run to the Beat was that music selections should be made to match the physiological demands of the event and the demographic profile of participants, which was determined using data generated by the event's website. 8 In the following paragraphs, I present the theoretical background and empirical evidence underlying the music selections that I made.
Conceptual approaches to the use of music in the exercise domain
The notion of motivational music has been key to the development of conceptual models of musical response in exercise. Motivational music was defined in terms of its effects: reduced perceptions of exertion, arousal regulation and improved affect. across the United Kingdom. 15 The findings indicated that variety in the musical programme is of paramount concern for exercisers. Hence, I sought to ensure that the music programme was varied in terms of idiom (e.g., pop, dance, rock, urban), artist and era of release. This strategy was aimed at maximizing the appeal of the programme across a diverse group of listeners and minimizing any deleterious effects caused by a succession of similar songs which a certain group of participants may have disliked. The 'battle of the genres' strategy also developed considerable media interest in the event. 16 We were able to obtain information from entrants pertaining to their idiomatic preferences through an online interface. In addition, data were collected at the inaugural Run to the Beat event, which indicated the four most popular or 'super-ordinate' idioms.
Effects of music in the exercise domain
During submaximal exercise, music can narrow attention and this, in turn, diverts the mind from sensations of fatigue. This diversionary technique, known as dissociation, serves to lower perceptions of effort by up to 12% during treadmill running. 17 This effect holds for low and moderate exercise intensities only; at high intensities, perceptions of fatigue override the impact of music, because attentional processes are dominated by physiological feedback such as respiration rate and the accumulation of lactic acid in the musculature. 18 Although music does not reduce the perception of effort during high intensity exercise, it does improve the experience thereof: It can make a hard training session enjoyable by shaping how the mind interprets symptoms of fatigue. This was borne out in a recent study conducted by my co-workers and me. 19 We found that motivational music reduced perceptions of exertion and improved feeling states at the outset of a treadmill walk to exhaustion. We used the Feeling Scale 20 that assesses the positivity or negativity of participants' affective states. In the latter stages of the walk, when participants began to experience considerable fatigue, the motivational music selection failed to impact upon their ratings of perceived exertion yet promoted more positive feeling states. Essentially, during a hard session, music has limited power to influence what the athlete feels, but if well selected, it does have considerable leverage on how the athlete feels; it can 'colour' the interpretation of fatigue-related symptoms.
Music alters psychological and physiological arousal and can therefore be used prior to competition or training as a stimulant, or as a sedative to assuage anxiety. 21 Music thus facilitates arousal regulation and allows us to foster an optimal mindset. Pre-task music has been successfully used as a stimulant prior to both strength 22 and muscular endurance 23 tasks. Music can also exert a stimulative effect when used during an exercise task.
A prominent strand of our work has investigated the relationship between exercise heart-rate and one's preference for music tempo. 24 Whereas a positive linear relationship was hypothesised in previous work, 25 we found a more intricate pattern characterised by two distinct inflection points (a cubic relationship; see Figure 3 ). 26 In essence, exercisers working over the entire range of intensities we have assessed (e.g., 40-90% maximum heart rate reserve) exhibit a preference for music in the narrow tempo range of 125-140 beats per minute (bpm). For this reason, musical tempo was an essential criterion in the selection process; it is also, along with intensity (loudness), the easiest component of music to manipulate. 27 The tempi selected rose gradually during the course of the run in broad agreement with the curve depicted in Figure 3 . For example, at the 1-mile stage the tempo chosen was approximately 125 bpm whereas as the runners approached the finish, the plan was that they would encounter faster, more arousing music (approx. 140 bpm).
*** INSERT FIGURE 3 AROUND HERE *** Research has consistently shown that the synchronisation of music with repetitive exercise is associated with increased levels of work output. 28 This applies to such activities as rowing, cycling and cross-country skiing while the supporting evidence is particularly strong in running. 29 Musical tempo can regulate movement and thus aid performance.
recent study using a treadmill-walking task, we found that motivational music led to a 15% increase in endurance before the point of voluntary exhaustion, when compared to a no-music control condition. 31 Synchronising movements with music also enables athletes to perform more efficiently, again resulting in greater endurance. In another recent study, participants who cycled in time to music found that they required 7% less oxygen to do the same work as compared to cycling with background (asynchronous) music. 32 When preparing for Run to the Beat, we found there was an inherent difficulty in selecting music as a "pacemaker" for runners to synchronise themselves to: The event incorporates a vast range of running ability and body-types as well as varying topography which leads to a huge variability in stride-rate frequency. Nevertheless, I aimed to select music with regular rhythmic qualities rather than an irregular or highly syncopated rhythm.
In a variety of exercise modalities, music has been shown to promote an ergogenic effect. This effect may take the form of an increase in strength output, 33 aerobic endurance 34 or work rate. 35 Such findings were considered in depth as I approached the music selection for the event with the view of enhancing participants' work rate and endurance. In practice, this meant that the musical pieces with the highest motivational quotients (as rated by the BMRI-2) were delivered in the last 3 miles of the event when participants would be experiencing pronounced fatigue.
The demographic information fed back from the Run to the Beat website indicated that, in complete contrast to most mass participation events, the participants were predominantly female (2:3 male-female ratio). This imbalance in itself may suggest that the concept of exercise-to-music is particularly attractive to women: whether by virtue of the culture that surrounds it or the way women are brought up. Reasons advanced in extant literature to support the hypothesis that women are likely to derive greater benefit from music, include greater exposure to dance music and movement-to-music during their formative years, 36 and the greater desire they demonstrate to engage in dance-related activity. 37 Research findings have pointed towards the existence of minor gender differences in terms of responses to musical rhythm. 38 Experimental work using circuit-style repetitive exercise (e.g., sit-ups and calf raises) has shown that men may derive less ergogenic benefit from synchronous music than women. 39 Other studies have shown that women are more likely to endure for a longer period in response to motivating music, 40 whereas qualitative work 41 indicates that women may place more importance on the rhythmical qualities of music in the exercise context.
Part 3: Evaluation of the London Run to the Beat events (2008-10)

Participation
In was 'very nice!' This was unsurprising given that research has shown elite distance runners tend to be associators who focus inwardly on regulating their bodies 44 and that recreational runners are far more likely to benefit from musical accompaniment than those who are highly trained.
45
Organisation
While IMG had considerable experience of staging mass-participation events prior to Run to the Beat, the event did not pass without a few organisational glitches. The 2008 race got the series off to a bad start as heavy rain conspired with a closure of the local London
Underground network to result in a poor reaction from entrants, especially those from the road-running community. The problems were expressed by journalist Claire Soares:
Sunday brought torrential rain and a suspension of the Jubilee Line that was supposed to get people to the start at the O2 dome. And the chaos meant that some bands didn't make it to their designated spots on the route, and those that did battled rain-induced hitches..... The ska-rap-rock combo Imperial Leisure did make it to the main stage by the starting line, which was lucky, given that their opening riff was replacing the traditional starting gun. However, the jumping up and down my running mate Mindy and I began to do at this point may well have been a reaction to standing in the pouring rain for half an hour. 46 The organisers did their best to mitigate the problems evident in the local transport system by delaying the start; nonetheless, many thousands of athletes had already warmed up and were in the holding pens ready to go at 10.00 am. Soares' views were echoed, albeit in a more upbeat style, by forum contributor Nerina Chatterley:
The rain was relentless and the organisation a bit wonky. But the crowds were brill and the vibe in the holding pens was great. I think adverse weather conditions give everyone something in common to deal with. Music was a bit, actually a lot, rubbish so they may want to rename this next year and ditch the music theme. 47 Due to its location on a peninsula at the nape of a sharp bend in the Thames, the O2 arena is not particularly accessible by road transport. The transport problems were blighted by the fact that the line closure was part of an extensively advertised series of engineering works of which the event organisers were apparently unaware. In hindsight, the most significant part of my role was not music selection but media representation. I gave myriad interviews to the press concerning the event and played an integral role at all launch and promotional events. In this manner, I served as a figurehead for the event and, in a way that increasingly characterises the intersection of academic institutions and commercial organisations, I provided a sense of scientific legitimacy to the product. The credulity of the media is voiced here by Claire Soares:
The race was the brainchild of Costas Karageorghis, a sport psychologist at Brunel University. His latest research, due to be published in the US Journal of Sport & Exercise Psychology, found that when listening to tracks from Madonna to the Red Hot Chili Peppers, most runners found the exercise more pleasurable than usual, even those on the verge of collapsing on the treadmill.
In general, they ran further and for longer; some found that their endurance levels were increased by more than 15 per cent. 54 I have often been encouraged (or required) by commercial partners to wear a white labcoat in my public engagements in connection to their products, even though this laboratory apparel is certainly not reflective of the psychological work I undertake in the music-exercise domain. Nonetheless, the media engagements benefitted me academically as I was able to showcase my new related research each year; there seemed to be an insatiable appetite for this type of output, particularly among health columnists and lifestyle magazine feature writers. This publicity aspect provided an evidence trail for the social and economic impact of my work and also helped to raise its international profile, particularly in North America.
Conclusion
Run to the Beat is an ambitious concept, which succeeded on some levels -such as enthusing thousands of women to tackle such an event for the first time -while failing on others; the shortcomings of the inaugural 2008 event being the most prominent and widely documented.
As a model for the cooperation of the corporate and academic sectors, the event could have gone much further. Whereas the organisers were keen to capitalise on the public perceptions of scientific knowledge and integrity, in some instances they were forced to disregard the supposed premise of the event in favour of their commercial and contractual obligations.
Nevertheless, Run to the Beat was a particularly successful exercise in knowledge transfer.
The media coverage and web presence devoted to the scientific premise behind the event did much to communicate the essence of the work I am involved in to a wider, non-academic audience; there are more than 30,000 web-based citations linking my research with Run to the Beat.
The event was also successful in cultural terms, bringing together diverse strands of the community and uniting them in a common goal and a shared love of music and physical activity. When seen through a cultural prism, even the organisational failures may not have been so undesirable, as they brought the participants together by giving them a common enemy. The postscript is that the event looks set to continue in the near future and the 2011-2012 races appear to have been marked by considerably better organisation. It may transpire that Run to the Beat will truly fulfil its remit of being a multicultural, accessible mass participation event defined by a unique intersection of running and motivational music: an incarnation of the principle I have researched for the past two decades. 
